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Compare: V. Bjerknes, Die Meteorologie als exakte Wissenschaft, ;

Antrittsvorlesung in Leipalg an 8,1.1913 und Leipzig-Bergen, Fesbm
vortrag zur 25-Jahr-Peler des Geophysikalischen Institutes der Uni-
versitat Leipzig, 1938. ["Meteorology as an exact science!, in-
augural lecture at Leipeig on 8 January 1913 and Leipzig-Bergen,
lecture in honor of the 25th anniversary of the Geophysical Ins-

titute of the University of Leipazig, 19306. ]

2, The Meteorologische Zeitschrift [Meteorological Journal] in the

Service of Development

An important source for tracing the development of dymamic
meteorology is the Deutsche Meteorologische Zeitschrift (MeZ4) s
[German Meteorological Journal] or its successor, the Zeitschrift
fur Meteorologie (Z.M,) [Journal of Meteorologyle R. Suring, who
edited this magazine. for decades, was always interested in accept-
ing papers in this field and generously provided sufficient space
for all serious investigations of this type in the M. Z. He hesi-
tated, however, where purely climatological papers were concerned,
in order to preserve its character as an organ reporting the pro-
gress of meteorology from a statistical science, which is orienta-
ted more geographically, to an abstract natural science. Such a
science sees as its goal the reduction of all natural phenomena to
a few basic laws abstracted from them, so that from these laws the
phenomena, including future ones, may be deduced by mathematical
operations. The famous question "What is truth?" is answered by
science as follows: It is all that has been found common. [inter=
related] through comparison in all that part of nature accessible
+to our cognition and by means of which, with the aid of synthetic

thinking, we impress the properties of nature upon our memory in
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such an arrangement that we master them [sic!). The choice of the

My Z, as a source makes giving preference to German intellectual
material in this investigation understandable. It must be pointed
out that since only certain representative writings have been se-
lected here, no judgment of other pertinent writings not mentioned

here is implied,

3e__Primacy of the Observations

The encouragement which R. Suring gave to all relevant ins-
trumental and experimental work in the pages of the M, Z,, was also
in harmony with the above-mentioned search for truthe Successful

' l theoretical studies have always had their point of departure in the
experience acquired by conscientious observation of nature. Accord-
ing to E, Mach and G. Kirchhoff these are most simply described by
means of a theory. The original establishment of the required chains
of reasoning is a difficult task, As already mentioned, its method
is the comparison of phenomena and the isolation of common factors,
The smaller the phenomena, the smaller is the range of what is com-
mon, The conceptual content of what is common must be altered when
when new experiences are added, in order to obtain valid laws, With
8 i every unintentionally made experience or observations of phenomena
on whose progress we have no influence, certain parts important for
jf v the comprehension of the whole remain outside the understanding of
the conscious. The alpha and.omega of a theoretical science that
wants to be.all-inclusive is therefore to have a cleér conceptual
grasp of these processes of the external world, This extension of
the comprehension of nature can today be obtained only by a most

carefully thought-out set of instruments and in meteorology often

only by great dariﬁg on the part of the observer, which R, Suring

i Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080003-9
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demonstrated so frequently, To understand the development of dyna=-

mic meteorology, attention had to be called here to the primacy of
the observations and to the difficulties connected with them, as,

for example, the enalysis of daily weather reports on the weather
map, In this connection V, Bjerkness in his official address of

1938 said: "It was soon clear to me that I could not compete with
my younger colleagues in this respect. I therefore found it defi-
nitely advantageous in the interest of success to let these col~-
leagues do the empirical work on the weather map, to let them have
full credit for their accomplishments and to concern myself with the
background of theoretical questions while expectantly following their

results',

lle The Development of Mathematical Physics in the last 60 Years

Extraordinary difficulties confront questions arising in the
field of dynamic meteorology, This is largely due to the failure
to find the common factors in comparing the various weather pheno-
mena throughout the world and to express them in a suitable mathe-
matical form by means of which the mathematical operations to be
performed will already be prescribed. The “dynamicists" of the at-
mosphere have therefore initially followed the teachings of the
j great theoretical physicists. R. Suring used to attend the univer-
' sity lectures of H, v, Helmholtz and kept a careful lecture notebook,

In his work Uberdie Erhaltung der Kraft [On the Conservation of Ener-

gy] the inventor of the ophthalmoscope had even in his younger years
shown his mastery of the'art of deriving the concept and the law of
the conservation of energy from the general equations of motion. A

decade later he succeeded in obtaining the concept of the velocity
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potential, the vortex mobion, and the geometrically gimilar flows

from Buler's hydrodynami.c equations. In his later life he explained .
the phenomena of undulating clouds and discovered the existence of

discontimuity surfaces in the atmosphere. His thermodynamic accom-

plishments were similar to those of Re Clausius, to whom we are in-

debted for the formilation of the Prst and Second Law of Thermody=-

namics. Subsequent development of theoretical physics will be indi-

cated in a small time table under I and 11, Important dates of theo=-

retical physics are given under A, and those of meteorology under Be

Neither completeness nor valuation is even remotely claimeds

I A.

1) December 1900, Introduction of the finite energy

quanta by Me Plancke
1905, Relativity theory by A Einstein.
1913, Quantum theory of spectra by Ne He
Bohr.
Be

31 July 1901. R. Suring and A, Berson attain the height

of 10,800 meters in a free balloon.

26 Apre 1902, L. Teisserenc de Bort, Yarmounce de dis-
1 May 1902, R. Assmann Yeovery of the

)stratosphere

1910, The spreading of cold air in Russia and

Northern Asia, by He Ve Ficker.
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5 Novenber 1918, On the structure of moving cyclones,

by J. Bjerknese

192, Determination of points of symmetry
in the variation of air pressure ab ‘
stations in middle latitudes, by Le

Weickmanne

II A
“ 1925, Quantum statistics by We Heisenberge
1926, Wave mechanics DY £, Schrodinger.
1939, Discovery of uranium fissions
7
' B,

1936, Remarks on the neat exchange within the

trade~wind circulation by H. v. Ficker.

1937, Lectures on cosmic radiation published

by W Heisenberge

1910, On the origin of thunderstorm electri-~

city by W Findeisen.

The list shows that while theoretical physics experienced a
fundamental change during the first quarter of the 20th Century,

meteorology was still engaged in gaining knowledge from practical

observabions, especially of the free atmosphere, which, to be sure,
also fundamentally increased its scope. Tn the second guavter-
century significant theoretical works also mske their appearance in

meteorologys and these must be considered important milestones in
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the development of dynamic meteorologys

5, The Influence of Classical Hydrodynamics and Classical Thermo-

dynamics

The foundation for the building of a theory of the motion of
the abmosphere was laid by the American W. Ferrel between 1856 and
1885, He utilized the deviating force of the earth rotation, and
the principle of the conservation of the moment of rotation in or-
der to explain the general wind systems on the earth. The theore=
tical work by J. v. Hann and W. v. Bezold on the behavior of quasi-
static ascending and descending dry or wet air, as well as the first
use of an adiabatic sheet by H. Hertz, also dates from this period,
In 1876, the Swedes C, A. Guldberg and H. Mohn introduced Euler's
hydrodynamic equations into dynamic meteorology, which they extended
by an expression for the nfpiction" of the wind on the surface of
the earthe A beginning was thus made towards the mathematical~phy=
sical penetration of atﬁospheric phenomena of motion, but no more
than that. At any rate, the theory of the gradient wind was in a
position to explain the empirically-found Buys-Ballot wind law for
the high and low pressure areas appearing on weather maps, In 1885

the expertly written Lehrbuch der Meteorologie (Compendium of Mete-

orology) by A. Sprung was published under the auspices of the Di=-
rectorate of the German Naval Observatory. It corresponded to the
teachings of classical hydrodynamics and thermodynamics, The book

was cooly received by the meteorologists. These were, in the majority,
experimentally trained physicists with geographical background. In
their climatological and synoptical work they had gained a deep in-

sight into atmospheric processes and had noticed that the few basic
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analytical expressions and the limited mathematical operations to

be applied to them could not possibly be capable of explaining the

manifold weather phenomena of one year or even of several years.

But soon criticism appeared in the M. Z, It first turned
towards the Perrel's method of using the law of conservation of
the moment of rotation, The leaders in this argument were W. V.
Siemens and &, Hermann, who was divisional chairman in the German
Naval Observatory. Details concerning this controversy appeared

in No. 3 of the Z,M., 1950,

Investigation of the friction postulate by A. Sprung, F.
Akerblom, and J. W, Sandstrom by means of the weather map did not
confirm it. It had to be changed on the basis of empirical data
and assumed such a form that a theoreticel derivation of the new
expression from the molecular properties of air was not possible.

Tt was not until 1915 that effective progress was made as the result
of the physical-meteorological impetus given by the Geophysical In-
stitute founded shortly before in Ieipzige This was provided by
the investigations of Th, Hesselberg and H. U. Sverdrup on Die

Reibung in de Atmosphare [Friction in the Atmosphere 1, in which they

introduced the theory of viscous liquids into meteorology. Using

the Navier-Stokes equations, they extended the earlier works of A,

Margules (1901) and V. W, Ekman (1906). The constant appearing in

these equations for the internal friction was calculated by them by
: using the change in the velocity increase with height for various i
i heights above the sealevel from pilot sightings. A value about 105 .
times as great as that found in the laboratory was obtained. M,
Margules had already pointed to this difference, designated as that i

e

between molecular and apparent friction in his extremely thought
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provoking, but 1ittle-noticed work, This is & completely aifferent

definition of friction, nemely as the destruction of the kinetic

energy pPer second whose amount 18 proportional to the existing ener- i
gy valuee This definitlon has also proven joself valid in other

areas of physics and must be recognized as the most suibable mathe~

matical expression for everything consuaing jinetic energy in nature.

The theory of discontinuity surfaces by M, Margules (1906)
gave support £o the use of Fuler's hydrodymmﬁc equations. The dis-
continuity surfaces theory was confirmed to a satisfactory approxi-
mation from weather maps and it explained the phenomenon of boundary

surfaces, used especially in the Worwegian cyclonic theorys

The use of thermodynamics also made progress during these
yearse This progress Was especially marked in the varied arrange-
ment of the adiabatic sheet for ‘the purpose of evaluating the

constantly increasing number of ascentse

6, The Influence of the Flow Theory

The peculiariw‘:y of the flow theory in contrast To classical
hydrodyna,mics is the extensive use of em)erimentation with moving
air, especially with the aid of & wind tunmel., The main problem 18
the recognition of the properties of laminer and turbulent floW.
gtudy of these properties jed to the recognition of two types of
small spaced molecular or moler novements , name 1y ordered [systema-
tic] and disordered [random]e In meteorology this differentiation
has caused a far reaching change in dynamic questionss A time bable

will again provide the most important facbs to show thise
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(a) Small disordered molar movements

Qur actual knowledge concerning the molecular relationship

of materials is still incomplete. Since 1883 it has been experi-

mentally established by O. Reynolds that in a flowing liquid not
only the molecules are in a state of disordered motion, but also
i : entire combinations of molecules or liquid conglomerates. Concern-

ing these see:
1912, Investigations on the structure of wind., By E.
Rarkove

; 1915, Contributions to the structure of wind, published

. : 1919 by M, Robitzsch.

'

1917, The mass exchange in the case of disordered current

in free air and its consequences by W, Schmidt,

1921, The circulation of the atmosphere in the temperate
latitudes of the earth (meridional large-scale exchange) by A.

Defants
1927, On the developed turbulence by L. Prandtl.

1932, DMeteorological applications of the flow theory by

L. Prandtl.
1936, The maritime evaporation problem by H. U, Sverdrupe.
1939, Atmospheric turbulence By H. Lettau,.

19)8, The propagation of a pulse in the atmosphere by Ce Le i

Pekeris (Physical Review). i
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e s AR P A 2

Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 - CIA-RDP82-00039R000200080003-9



Declassified in Part - Sanitiz:
- ed Copy Approved for Releas
= : e 2012/05/07 : CIA-RDP82-000
) J -00039R000200080003-9

1950, A note on three~dimensional furbulence and evaporatilon

in the lower atmosphere by De Re Davies (Proce Re SoCe, Tondon) «

Dynamic meteorology has hereby been enriched through the recog-
nition of the existence of turbulence bodies, air packets, or air
balls, and by the transfer equation of the magnitudes wiich have a
vertical gradient. The vertical differences in mass, impulse and
kinetic energy which cause the phenomena of apparent diffusion,
gustiness and apparent friction are involved. By his discovery
that the exchange coefficient (gram centimeters -+ sec '1) is de-
pendent on the density, the vertical velocity gradient, and the
square of the mixing length, Le Prandtl was able to derive a loga=
pithmic law for the increase in wind velocity with altitude from
physical conéiderations. This took the place of the earlier empirical
exponential expressions This was a significant stepe A large group
of phenomena covld now be comprehended as the action of forces, as
in the basic requirenent of theoretical physicse The logarithm as
the limiting exponential case is derived in Serret-Scheffers "pif-
ferential and Integral Calculus" 6th/7th edition, T., page 232. As
result of this proéfess is the theoretical derivation of the evapora-
tion law by He Ue Sverdrup which also made possible the abandonment

of ad hoc expressions.

The question of the extent to which classical hydrodynarmics
may still be used in meteorological—dynamical work has not received
a definite answers. Attention may be called to a conclusion here.
In the absence of external forces Buler's hydrodynamic equation is
based on the law of general dynanics, which states that the magni-
tude of motion is equal 4o the time integral of force. This is the

second law in integral form which is to be used in the investigation

Declassified in Part - Saniti o " ‘ 0 : ‘
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of collision processes to which fluid motlons also belong, The
force applied to a mass particle in the X-direction is equal to
the difference between the pressure forces which act on the two
surfaces which ave vertical to the X-direction. If f is the size
of the surfaces, then d P = dp v f, where dp denotes the pressure

differential, Thus the following équation exists:

m. % =_fclp,7f.c[zt

since the motion is opposed to the gradient. Since dp:ﬁ-'dx,

the expression to be integrated with respect to 1 becomes

Here, however, dx and f have been chosen arbitrarily, so that their
product gg—- . a/;;~7Cmay be placed in front of the integral signe Then,
however, it is cancelled out in the equation as a result of the

volume of the mass particle ‘ﬁr\:f),clx,‘)c , and we obtain:

W= 7
pru=— [7£- 4

In order to isolate the pressure gradient, both sides mst be dif-

ferentiated with respect to t, which results in

Ale-w) __ e
Al Ox

Only if (Q is independent of t, then with:

Au . _ e
e X

Fuler's hydrodynamic equation follows in its simplest form, The

investigations of turbulence have shown that molecule aggregates

=12 =
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occur during flow, These mast be thought of in such a way that varia~
tions in density are also involveds The density is thus not independent
of time so that the general applicability of Euler's hydrodynamic
equation during flow investigations is disputables A generally valid
eriterion for the changes of state of ideal gases corresponding to

the aforementioned impulse law of mecharics, is the state equation

7(3

——(5—- = RT, This law enables us to express the density in the
equation of motion by the pressure and temperature, Thus every flow
problem is at the same time a thermodynamic problem, This report

differs essentially from the statements of H. Philipps on "The Main

Problems of Theoretical Meteorology" Die Naturwissenschaften [The

Natural Sciences] 1939, No. 25/26, as the result of the necessity to
include implicitly from the very beginning the change with time of

the density into the basic equation of motion of elastic mediums.

Dynamic meteorology mst experience a still greater change
if the arbitrary assumption of the size of the mass particle is not
warranted. In that case the volume of the mass particle which ap-
pears on the right in the integrand may not be placed in front of
the integral sign. The basic relation between the magnitude of
motion and the pressure gradient cammot then be simplified by re-
moval of the volume on both sides of the equation, This equation
is moreover a linear homogeneous integral equation with respect to
the volume. Such an equation is soluble only for representative
values [eigenvalues] of the magnitude of motion Qi and will yield
possible volumes only for these, A still unsolved question is the
one dealing with the determination of the fundamental region over
which the integration with respect to time is to be performed. An
answer to this may be provided with the aid of statistical mechanics.

If such a method is found, a quantum-statistical investigation of

- 13 -
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flowing masses would be possible and a union with the newest branch

of theoretical physics would be attained.

(b) Small Ordered Motions

The mass particles carry out small ordered periodic motions
around an equilibrium position during oscillation, so that only
small variations of pres‘sure s density, and temperature are produced,
To every oscillation belongs an oscillator to which energy mst Dbe
conducted from outside in some waye The energy radiated by this os=-
cillator spreads in wave form thoughout the entire medium, The wave
equation may be derived with certain simplifications from Euler's
hydrodynamic equations. The right to assume the wave equation as
valid without this derivation is obtained from the elastic nature
of air. Contributions to this phase of dynamic meteorology were
made by: H. v, Helmholtz atmospheric waves, M. Margules, 1890 (semi-
daily pressure wave, for which an acceptable theory, however, has
not yet been submitted), J. Bartels (tidal variations), A. Defant
(variations of a doubly stratified atmosphere), L. Weickmann (waves
in the air-ocean), G ILyra, 19L3 (theory of sea waves). The last-
named work specially is at the level of a modern theoretical investi-

gation of waves,

7. The Atmospheric Cycle

It is known that at every location on earth the atmosphere

in the course of a year passes through a sequence of states which

are repeated in their overall trend after a complete revolution of
the earth around the sune This justifies an attempt to study weather

phenomena with the aid of the cyclical concept formed in thermo-

-1 -
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dynamics., The same mass whose changes of state are investigated
under the addition or removal of heat is involved in thermodynamics,
The atmospheric cycle is immeasurably more complicated, even if
[sic] here the addition of heat from the ground which is heated by
insolation takes place at a higher temperature and the removal of
heat by radiation in the upper layers of the atmosphere takes place
at a lower temperature, Dynamic meteorology has been unable to

answer, for the most part, the questions arising here,

The changes of state are accompanied by local movements of
the masses, From the continuity of the atmosphere it follows that
within the entire medium a spatially joining series of masses must
also move with the change of location of a mass, so that they will
form a closed chain, or an imaginary line. If a certain velocity
is assigned to the individual mass-points of the line, the product
of mass times tangential velocity may be formally integrated over
the entire curve. The value of the integral is called circulation.
The derivative of circulation with respect to time, namely circula~
tion acceleration, is significant for dynamic meteorology. With
the aid of Euler's hydrddynamic equations the pressure and density
differences of the atmosphere may be expressed with it. V. Bjerknes
has shown that the circulation acceleration is zero when the isobars
and isosteres run parallel. He calls this condition barotropic.

If these lines of state cross == the baroclinic state -- the cir-
culation acceleration differs from zero. A square tube which is
enclosed by the two pressure surfaces A ,f}) and by the two isosteric
surfaces @,Jfﬁ) is called a solenoid by V., Bjerknes. For quasi-
static conditions this representation leads to a clear calculation

of the kinetic energy content. A critical examination of how far

- 15 =
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the concept of a material liquid line and the assumed orderly motion
of its mass particles agrees with the concepts of turbulence and is

5t1ll outstanding.

A second object of cycle investigations is the calculation
of the efficiency during heat addition and removal at different
temperatures or pressures, M, lMargules calculated it in 1901 from
an imaginary Carnot process by plausible assumptions about the level
of the addition and removal of heat and the accompanying temperatures,
and obtained a figure of 21 percent. Somewhat smaller values were
found by A. Refsdal from measurements, A considersbly smaller value
of B percent was found by H. U, Sverdrup during his trade~wind
study using the same method, R. Wenger in 1916 suggested the Eric-
son cycle for the calculation of efficiency in which the addition
and removal of heat occurs at different constant pressure. This
concept corresponds more closely to atmospheric reality than the
Carnot process, M, V. Sverdrup also calculated the efficiency in
another manner by equating the difference between the added and re~
moved heat of an isolated statiomary flow system to the produced
frictional heat., For the North Atlantic trade wind he obtained
only 3.2 percent. H. EBrtel has arranged this calculation in a more
exact fashion and even obtained a value of greater than 1 percent
on the bhasis of atmospheric friction numbers. This method of cal-
culation is, however, quéstionable since it is assumed that an isolated

stationary circulation in the atmosphere takes place.

According to thermodynamic theory the difference between ad-
ded and removed heat is proportional to the work produced by the
system, This work is equal to the available mechanical energy in

the form of kinetic as well as potential gravitational energy, In
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1905, M, Margules showed that the potential gravitational energy

1s the cause of all winds occurring on earth and contradicted the

; assumption that it is to be sought in the horizontal pressure dif-
ferences, Later W. Littwin at the suggestion of H., Koschmieder
] extended these trains of thought to the different cases of stratie
; fication of moist air, All wind energy thus originates during the
restratification of the air as the result of unstable formation,
which is a link of an atmospheric cycle, The Margules question as
to how such considerable potential energies can be formed without
the earlier development of compensating air currents has not yet
been ansvered, AL this poing of the system the atmospheric vortex

could also be studied., Its theory is also still outstanding,

i ' The investigation of the relation between air and sea cur-
rents also belongs to the field of the atmospheric cycle. Com-
prehensive and important statistical works are already available
for long-range forecasts. from a theoretical standpoint the 10th

chapter of the work by H. U. Sverdrup, 1943, Oceanography for Mete-

orologists, especially the section - "The oceans and the weather!
represents a considerable improvement, The closing sentence may
serve as the goal for the formation of the analytical relationships
which are to be set up, "Every change in the circulation of the
atmosphere mst lead to a change of the ocean, which again must af=-

; ] fect the atmosphere.". Thus two circulations are involved two cyclic |
5 2

processes which are connected with one another and must therefore
show surges and phase displacements which shed a bright light on

frequently unexpected weather phenomena,

On the basis of the above the 'general circulation of the at-

mosphere" must be interpreted as the totality of all restratifica-

s
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tlons pesulbing from the varying preaking-up of the atmosphere from
below by insolation and cooling in the higher levels DY padiabions
Tes three greab components, the tropical, e:ctra-tropical, and stra=
tospheric cipculation are coupled together and produce phenomena
similar to those just mentioneds The rhybhm of the weathel is
causatively related to ghis couplinge Turther peferences are given
by Ze Hes 1950, Noe 3, Complex formations, such as 1ines of equal
5], hour pressure changes (e Tiholm), the aivergence of upper Cur-
rents (Re generhag) 5 and oscillations in ghe tropopause (0 Palmen)

: might be explained on the basis of these energy pelationshipse

LNQRTE‘E?P?E?E&?:@E?}TEJ.;?E?I.'EE

Under this heading come the latent energy of water and wabter
vapor, the electromagnetic field of the carth, and the atmospheric
radiation energy including the solar radiation arriving ab the outer
atmospheree In the case of all three forms, the detberminabion of
their properties in the lasb 15 years bas been the object of es=
pecially subtle e:cperimental snvestigatbions whose results cammot he
indicated here because of the lack of spaces Through these invesbi-

: gations the way has been opened for introducing the transformations

of the above-named energy forms inty dynamic meteorologye

(a) La;\;gp_‘g_giler of Water Vapor

The problem of expressing the heab of condensatbion o the !
‘ amount of 1iquid and solid water which 18 supplied to the atmosphere
! every second as a funo’oion\of place and time, had already confronted

He Ve gverdrup in his '\j,rade wind studye Tt has not been packled

elsewheree No corresponding analybical expression exists for the
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quantities of precipiltation in the various forms which is supplied
every second ab different times to different places of the earth,
Promising theories in this respect are the works of T. Bergeron

"Condensation Forms as Identification Marks of the Air Mass," and

by W. Wundt he Concept of the Water Cycle on the Basis of Barlier

and Recent Tnvestigabions.," The specific mumidity and the density

of dry air are cotipled with the air currents as functions of the
place and time. One may assume that these may be described by dif-
ferential equations. The necessary limiting conditions must then
be extensively shaped by the formation of precipitation residues
and their changes, even though an almost quasi-static state must be

assumed for the condensation.

(b) The nlectromagnetic Field of the Earth

The quesfimn, still unsolved twenty years 2g0, of the cause
of the maintenance of the negative surface charge of the earth in
defiance of neutralization by the positive vertical conduction cur-
rent, has in the meantime been solved according to the interpreta-
tion of A Wié;a,nd. According to ‘bhis}ginera'bor of electricity is
to be sought in the thunderstormns distributed all over the earth,
through whose discharges positive electricity is constantly supplied
to ‘the ionosphere and negative electricity to the earth, See the
end section of the text-book by Hann and Suring, Sth edition. The
view that the electrical currents in the ionosphere or in the earth's
crust which are related to this cause the earth's magnetic field
has not been discussed much because of the efficiency of the Gauss
theory. The electric and magnetic field strength of the earth are
also functions of time and place which are coupled with the motions

of the air, Because of the large velocity of propagation of

- 19 -
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electricity in the conducting layers almost stationary condibions are
similated which, however, prove to be fictitious when exact measure-
ments ave made. AS & result of the presently only suspected coupling
of the electro~magnetic field with the air currents, the atmospheric !
disturbance appearing ot the thunderstorm origin must therefore make

itself noticeable in the sequence of the air-electric and earth-mag-

netic elements, analogous to the effects of seismological waves
(mioroseismology). The electromagnetic field strength can thus be=

come an important memper in the number of the functions which arc

subject to the mathematical operations of dynamic meteorologye

4 gg)_ The R

The most important receiving surface for insolated solar
energy 1s the solid and liquid surface of the earth, It is the main
heating surface of the atmospherce gince the atmosphere is of an
elastic nature, it can be set to oscillate by an external action
such as solar radiation. This oscillation can become especially
strong if the frequency, as the result of the effect of the external
disturbance, becomes equal to the frequency of the natural period of
the atmospheree Drawing a bow across & violin string shows that an
external cause, evenl if it acts sbeadily upon the elastic body, will

set the body to oscillate. It is here postulated as a task for dy-

namic meteorology to show to what extent the results of -present-day

oscillation and wave invesbigation may be shown in the earth'!s at-
mosphere, or in what way they will have to be modified because of

the peculiarity of the atmospherce This task is very complicated

because of the involved spectral energy distribution, and the ex- 3

tinction and appearance of the secondary radiators earth and at-

- 20 =
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mosphere, especially since nob enough relevant experimen‘bal material
has heen collected as yet. The formilation of such an efficient i
conceplt a8 that of a furbidity factor by Te Tinke justbifies pelieving

a solution to be possibles

9, Features of Several _@ext—Boolg on Dymair_li_c*_l»j@_’gggrolo'gz

e e oo

The problems of dynamic meteorology Were first yreated by Fe

M, Exnere His book has not yet been excelled in qualitye. His text-
book is the 1ively and faithful report of 2 seeker and struggler,
wWho accompanied by hopes and disappointmen‘bs , wWas puided to ‘the
end by the unyielding will to discover the truthe This scientist
who critically exarined his own work never hesitated after an un-
successful attempt bo assume another probable interrelation among
meteorological phenomena in order bo £ind ‘the laws governing the

weather as a whole from the conclusions to be drawn and. from com=

parison with realiltiye Eﬁyfgﬁj;_%@.ﬂ@ﬂ‘iiwﬁfﬂl@ﬁ@l by De

Brunt 1is similar in this respect and also in its extent of invesbti-
gated phenomena. o KoschmiedeT is more reserved in his use of
hypotheses and particularily stresses subtle definibions and step-
py-step developmen't of equatbions and their solutionss e Ertel has

nost consequen'bj.ally thought ‘through weather phenomena with the aid
of classical hydrodynamics or ghermodynanicse This uncovers the

extent and Timitations of the equations defined in these sciencese

p, Raethjen presents nis analysis from the viewpoint of the daily
work of the synopticis‘o s introduces his terminology and ‘thus starts i
out on a new promising pathe His work is also very noteworthy from

a didac’oicfstandpoin'b. ‘G, Stuve in the Handbook of Geophysics by

Gutenberg pre.ceded nim with respect to scientific sy-frbhesis. He

1
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especially presented the advences of the Norweglan meteorological
school as they had already been collected in the book by V. and Je
Bjerkness, Je Solberg, and T. Bergeron. The table will show the im=-
portance which the different authors assign o the individual areas
of dynamic meteorology, measured according o the nuiber of pages

in their workse

e e e et e o o e e SR )

Statics Hydro= Radia-~ HElectro- Dust
Author Thermo- . dynami.cs tion magnetic G ontent
dynamics field and visi=
, bility
Exner 36 360 6 - -
Brunt 80 230 53 - -
Koschmieder 19 230 - - -
Ertel LB 13 3 - -
Raethjen 11h 260 21 - -
Stuve 102 275 - - -

10, Dynamic Meteorology as & 361ence of Atmospheric Trensformstion

of Erergy

Tn conclusion let me give a brief preview of the working areas
of dynamic meteorology in the coming years, as determined by the evo-
lution of physicss Common to all atmospheric phenomena is their
origin in the radiation energy of the sun, Wind, 2 factor so important
for living conditions on earth, mst be comprehended in its intensity,

its direction, and its distribution as a form of energy of definite

- 22 -
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transformation value, indeed as a part of the radiated solar eNETLEYe
For this purpose the first Law of Thermodynamics may be used, which
indicates the division of the supplied radiation energy into heat
and mechanical work. But how this quantity of work is transformed
into potential gravitational energy has not been quantitatively
answered despite investigations on convections, exchange, and the
studies of glider meteorologists on ansbatic wind, A cause for the
zonal and meridional distribution of the wind fields must be found,
An acceptable theory of the semi-daily pressure wave is still lacke
ing, The problem of stratospheric currents and their dependency on
the troposphefic disturbances has not been solved yet., The avail-

¥ ; able theories of the stratosphere are considered unsatisfactory.
finally, a law is needed in the field of weather prediction which
regulates the sequence and duration of the various weather situa-
ions in the mean latitudes, This would be the crowning glory of
dynamic meteorology, It was the aim of R, Suring's self-sacrificial
struggle of over half a century to provide the prerequisites for

understanding the truth which concerns all of mankind,
£

Address: Dr. B, Neis, Berlin, NW 21, :

Rathenower Str. 55

THE END
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